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Abstract 35 
Background/Objectives: 36 
The potential positive health effects of carob containing snacks are largely unknown. 37 
Therefore, two studies were conducted to 1.firstly determine the glycemic index (GI) 38 
of a carob-snack compared to chocolate cookie containing equal amounts of available 39 
carbohydrates and 2.compare the effects of a carob vs. chocolate cookie preload 40 
consumed as snack before a meal on (a) short-term satiety response measured by 41 
subsequent ad libitum meal intake, (b) subjective satiety as assessed by visual 42 
analogue scales (VAS), and (c) postprandial glycemic response. 43 
Subjects/ Methods: 44 
Ten healthy, normal-weight volunteers participated in GI investigation. Then, 50 45 
healthy, normal-weight subjects consumed, cross-over, in random order, the preloads 46 
as snack, with one-week wash-out period. Ad-libitum meal (lunch and dessert) was 47 
offered. Capillary blood glucose samples were collected at baseline, 2h-after-48 
breakfast-and-just-before-preload consumption, 2h-after-preload, 3h-after-preload-49 
and-just-before-meal-(lunch-and-dessert),1h-after-meal and 2h-after-meal 50 
consumption.  51 
Results 52 
The carob snack was low and chocolate cookie high GI foods (40vs.78 on glucose 53 
scale). Consumption of the carob preload decreased the glycemic response to a 54 
following meal and subjects’ feeling of hunger, desire to eat, preoccupation with food, 55 
and thirst between snack and meal, as assessed with the use of VAS. Subsequently, 56 
subjects consumed less amount of food (g) and had lower total energy intake at meal. 57 
 58 
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Conclusions: 60 
The carob snack led to increased satiety, lower energy intake at meal and decreased 61 
post-meal glycemic response possibly due to its low GI value. Identifying foods that 62 
promote satiety and decrease glycemic response without increasing the overall energy 63 
intake may offer advantages to body weight and glycemic control.  64 
 65 
Word Count: 250 66 
Keywords: carob, blood glucose, satiety, energy intake, preload, snack  67 
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Introduction 69 
 Carob (Ceratonia siliqua) is a natural sweetener and may be used as a 70 
nutritious substitute for cocoa powder [1]. The effects of carob on glycemic responses 71 
and satiety are poorly understood. It is well known that consumption of high glycemic 72 
index (GI) foods is associated with increased chronic disease risk [2, 3]. The GI of 73 
foods is a method by which foods can be ranked on the basis of the glycemic impact 74 
in relation to the available carbohydrate within those foods [3]. One study that 75 
examined the GI of carob bars, containing 26 g of available carbohydrates, in seven 76 
healthy subjects, showed that they were low GI (GI = 39) foods [4]. A moderate 77 
improvement in glycemic control may be accomplished when low GI foods replace 78 
foods with higher GI [5]. In controlled feeding studies, energy intake with high GI 79 
meals was 29% higher compared to consumption of low GI meals with similar 80 
macronutrient composition [6]. Both meal type and snack patterns contribute 81 
significantly in energy intake and body weight management [7]. Several studies have 82 
examined the effects of a variety of preloads on satiety response in an effort to 83 
identify meal or snack patterns or foods that promote satiety and body weight control 84 
without increasing significantly the overall energy intake. The satiety response and 85 
consequent energy intake are affected by multiple factors including the type of food 86 
consumed, the macronutrient content, the energy density as well as the food’s volume 87 
[8, 9]. 88 
 Therefore, due to the lack of evidence on the effects of carob flour on 89 
glycemic responses, satiety and subjective appetite ratings, two studies were carried 90 
out. The aim of the first study was to determine the GI of a snack made with carob 91 
flour compared with a chocolate cookie. Then a second study tested the hypothesis 92 
that a preload which included the carob snack before a meal, compared to the 93 
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chocolate cookie snack, would decrease: a) meal time energy intake, b) appetite for 94 
meal (lunch and dessert), c) energy intake for the next 24 h, and d) decrease 95 
postprandial capillary blood glucose concentrations.  96 
Materials and Methods 97 
Subjects and methods 98 
 Healthy, non-smoking, non-diabetic men and women participated in these 99 
studies. Subjects were recruited via notices posted at Agricultural University of 100 
Athens. The inclusion criteria for participation were a body mass index (BMI) 101 
between 18-and-25 kg/m2 and an age between 18-and-50 years. Exclusion criteria 102 
included severe chronic disease (e.g. coronary heart disease, diabetes mellitus, kidney 103 
or liver conditions, endocrine conditions), gastrointestinal disorders, pregnancy, 104 
lactation, competitive sports and alcohol or drug dependency. All subjects gave their 105 
written consent. The protocol was approved by the Bioethics Committee of the 106 
Agricultural University of Athens and was carried out in accordance with the 107 
Declaration of Helsinki (1997). (ClinicalTrials.gov Identifier: NCT02935829). 108 
Determination of glycemic index 109 
 Ten subjects participated in this randomized, single-blind, cross-over design 110 
study (male: 6, female: 4; Figure 1). Subjects were randomly enrolled to the 111 
interventions using a single allocation ratio. One person, not involved in data handling 112 
and analysis, was responsible for test and reference food allocation. All participants 113 
fasted for 10-14h before the test. Participants received the reference (white bread and 114 
glucose) and test (carob snack and chocolate cookie snack) foods, two times, in 115 
different weeks according to suggested GI methodology [10]. Each portion of the test 116 
products (65g carob snack, 269 kcal; 43g chocolate cookie, 174 kcal) or the reference 117 
food (42g white bread, 105 kcal; 25g glucose, 95 kcal) was equivalent to a 25g 118 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
7 
 
amount of available carbohydrates. The participants were instructed to consume the 119 
foods along with 250ml water within a maximum of 5 to 10min for the glucose 120 
beverage and 10 to 15min for solids. To determine blood glucose concentrations, 121 
fingertip capillary blood samples using an automatic lancet (FORA Comfort lux 122 
GD50, ATCARE ltd, Greece) were taken at baseline, 15, 30, 45, 60, 90 and 120 min. 123 
The first glucose sample was taken exactly 15min after the first bite of food or drink. 124 
Blood glucose was measured with Glucose Dehydrogenase – FAD test strips which 125 
show no reactivity to any sugars other than glucose and has better heat-resistance and 126 
oxygen-resistance. The allowed deviation limits of glucose meters for glucose results 127 
≥ 100 mg/dl were within 15% of the reference method. The CV (%) was less than 5% 128 
both in intermediate precision and repeatability. The blood glucose value recorded 129 
was the mean of three measurements. 130 
Effects of consuming a preload including the carob snack on blood glucose 131 
responses and subjective appetite ratings 132 
 Fifty healthy subjects (male: 22, female: 28) participated in this randomized, 133 
single-blind, crossover design study (Figure 1). Subjects were randomly enrolled to 134 
the interventions using a single allocation ratio. One person, not involved in data 135 
handling and analysis, was responsible for preload allocation. The crossover design 136 
was selected to limit the inter-subject variability between the interventions [11]. 137 
Before the initiation of the study days, all subjects completed a 3-day food diary in 138 
order to evaluate their habitual energy and macronutrient intakes. Volunteers 139 
consumed in random order the two snacks (40g of carob snack and 40g chocolate 140 
cookie) with one-week wash-out period. During each test day, subjects reported after 141 
a 10-14h fast, without having performed strenuous exercise during the last 24h and 142 
without having consumed alcohol for 24h prior to the breakfast meals. 143 
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 At 9:00 AM participants were offered a standardized breakfast (2 slices of 144 
bread and honey), consumed over a 10 min period, which provided approximately 350 145 
kcal. Immediately after, at 11:00 AM, subjects were provided with the preload, 146 
consumed over a 10-15min period. The preloads of the two different study days had 147 
similar energy contents and macronutrients (Table 2; Proteins were assessed by ISO 148 
1871:2009 and AOAC 201.11; total fat by ISO 6492:1999; saturated fat by AOAC 149 
996.06; available carbohydrates by AOAC 991.43; sugars by AOAC 977.20 and 150 
dietary fibers by AOAC 985.29). Three hours after, at 14:00 PM, subjects were given 151 
ad libitum access to a meal (lunch and dessert), consumed over a 20-30min period. 152 
The meal consisted of rice and roasted chicken breast and chocolate cake and subjects 153 
were encouraged to consume as much or as little as they wished. All offered foods 154 
were weighed at the time of serving and any leftovers were weighed again after meal 155 
to determine the amount of food consumed. Subjects had free access to water during 156 
the experimental periods. At the end of the study days, all subjects were asked to keep 157 
detailed food and beverages intake records for the next 24h using household 158 
measures. 159 
 Fingertip capillary blood glucose samples were taken using an automatic 160 
lancet (FORA Comfort lux GD50, ATCARE ltd, Greece; same as in study 1), at 161 
baseline (before breakfast); 2h after breakfast, which was also the time just before 162 
preload consumption); 2h post-preload consumption; 3h post-preload consumption, 163 
which was also the time just before the ad libitum meal (lunch and dessert) 164 
consumption; 1h post-meal consumption and 2h post-meal consumption. Blood 165 
glucose was measured with Glucose Dehydrogenase – FAD test strips. The CV (%) 166 
was less than 5% both in intermediate precision and repeatability. The blood glucose 167 
value recorded was the mean of three measurements. 168 
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 Besides monitoring and weighing the actual amount of food consumed during 169 
the study days, subjects rated their hunger, desire to eat, preoccupation with food, 170 
perceived fullness, motivation to eat and thirst, on 100mm line visual analogue scales 171 
(VAS) which were given in the form of a booklet, one scale per page [12]. VAS 172 
ratings were obtained before and every 45min post-preload consumption (0, 45, 90, 173 
135 and 180min), and immediately after completing the meal. Shortly after the 174 
consumption of the preloads and meal, subjects rated on VAS the experienced 175 
pleasure.    176 
Anthropometric measurements  177 
Height, body weight, waist and hip circumferences were measured. Body mass 178 
index (BMI) was calculated. Fat mass and fat-free mass were assessed by single 179 
frequency bioimpedance (BIA, Tanita Total Body Composition Analyzer, TBF-300 180 
500, Tanita Europe, Amsterdam, The Netherlands). Percent body fat was calculated 181 
by using the manufacturer’s software. 182 
Statistical Analysis 183 
Data are means± SEM, unless otherwise stated. For GI determination, 184 
glycemic response and VAS scores, the incremental area under the curve (iAUC) 185 
values were calculated [10]. To calculate the iAUC, the raw data of the blood glucose 186 
and VAS scores were used and were determined for each subject as well as for both 187 
test and reference products. To calculate glucose concentrations and VAS scores at 188 
the various time points, the raw data were zero-value corrected. To calculate the 189 
iAUCs for blood glucose, a period of time from zero to two hours was taken into 190 
account. The GI of the carob snack and chocolate cookie was then calculated from the 191 
iAUCs that were recorded for glucose. For this a ratio was created using the mean 192 
value of all individual iAUCs of the test snacks and the reference iAUC. To calculate 193 
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the iAUCs for VAS scores, a period of time from zero to three hours was likewise 194 
taken into account. Statistical analysis was performed on the basis of the data’s 195 
distribution type (Kolmogorov–Smirnov adjustment test). In the case of normal 196 
distribution, analysis was performed using single-factor analysis of variance 197 
(ANOVA); in the case of abnormally distributed data, the Mann–Whitney U test was 198 
used. Differences in glucose concentrations and VAS ratings between and among the 199 
test snack preloads at the different time points were tested using repeated measures 200 
ANOVA with two within-subjects factors (snack type and time). In the absence of 201 
normality, variables were ranked and then the Friedman non-parametric statistical test 202 
was used. The study had 80% power (α = 0.05) to detect differences between dietary 203 
groups of 15 ± 2 mg/dl in postprandial plasma glucose. Statistical significance was 204 
determined to be p < 0.05 and marked using an asterisk: *p < 0.05, **p < 0.005, ***p 205 
< 0.001. Data were analyzed using SPSS 20.0 software (SPSS Inc., Chicago, Il, USA). 206 
Results 207 
Determination of glycemic index 208 
 Volunteers’ baseline characteristics are presented in Table 1. Table 2 shows 209 
the nutritional composition of the preload snacks. GI results and the preloads’ 210 
glycemic response are summarized in Table 3 and Figure 2A. At baseline there were 211 
no significant differences in glucose concentrations between carob snack, chocolate 212 
cookie, white bread and glucose (P=0.14). There was a statistically significant 213 
difference in blood glucose (F(18,77)=17.63, p<0.001) and an interaction between blood 214 
glucose and snack (F(18,77)=0.48, p=0.003). The carob snack showed markedly less 215 
effect on blood glucose concentration compared with the chocolate cookie snack and 216 
the reference products at 15’ (p=0.03), 30’ (p=0.02), 45’ (p<0.001), 60’ (p=0.007) and 217 
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120’ (p=0.007; Figure 2A). The iAUC of carob snack was likewise lower compared 218 
with the cookie snack and reference products (p=0.01; Table 3, Figure 2B).  219 
Effects of consuming a preload including the carob snack on blood glucose 220 
responses and subjective appetite ratings 221 
 Mean age of the subjects was 25±6years and mean BMI was 23±3 kg/m² 222 
(Table 1). There was no significant effect of gender in blood glucose responses or 223 
assessed VAS ratings at any time point and, therefore, our results are presented for the 224 
whole sample. 225 
 Table 4 presents the energy and nutrient intake during the meal and 24 h after 226 
the completion of both study days. There were no differences in self-reported energy 227 
intake between the two preload study days (Mean energy intake 24hr before the 228 
intervention, day of the intervention, 24hr after the intervention for carob snack: 229 
2034±135 kcal, 2233±103 kcal, 2029±143 kcal, respectively; 24hr before the 230 
intervention, day of the intervention, 24hr after the intervention for the chocolate 231 
cookie snack: 2399±486 kcal, 2216±100 kcal, 1995±118 kcal, respectively). The total 232 
energy intake at the meal (energy intake from lunch and dessert) was significantly 233 
lower when subjects consumed the carob preload snack compared to chocolate cookie 234 
(F(1,49)=4.685, p=0.035; Table 4). The total g of consumed food (meal and dessert) was 235 
significantly lower when subjects consumed the carob preload snack compared to 236 
chocolate cookie (F(1,49)=11.546, p=0.001; Table 4). Protein consumption at meal 237 
(lunch and dessert) was significantly lower when subjects consumed the carob preload 238 
compared to chocolate cookie (F(1,49)=4.612, p=0.037; Table 4). Carbohydrate 239 
consumption at meal (lunch and dessert) was lower when subjects consumed the 240 
preload that included the carob preload snack compared to chocolate cookie 241 
(F(1,49)=4.131, p=0.048; Table 4). Rice consumption was significantly lower when 242 
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subjects consumed the carob preload snack compared to chocolate cookie 243 
(F(1,49)=11.528, p=0.001; Table 4). Chicken consumption tended to be lower after 244 
consumption of the carob preload compared to chocolate cookie, but it was not 245 
statistically significant (p=0.08; Table 4). Dessert consumption did not differ between 246 
the two preload snacks (Table 4). Energy intake 24h following the consumption of 247 
lunch did not differ between the two study days (Table 4).  248 
 Blood glucose was not significantly different between subjects on both preload 249 
study days at baseline. Figure 3 presents capillary blood glucose concentrations before 250 
and after breakfast, after preload snack consumption and after ad libitum meal (lunch 251 
and dessert) consumption. There was a significant blood glucose x time interaction 252 
(F(5,45)=52.730, p<0.001) and a significant blood glucose x preload snack interaction 253 
(F(1,49)=10.272, p=0.002). There was a significant main effect of time on blood 254 
glucose (F(3,129)=124.512, p<0.001), a significant main effect of preload snack on 255 
blood glucose (F(1,49)=10.272, p=0.002) and a significant main effect of time x preload 256 
snack interaction (F(3,153)=3.523, p=0.015). Blood glucose concentrations were similar 257 
2h and 3h after consumption of the two preload snacks (Figure 3). There was a 258 
significant main effect of time on blood glucose for meal (lunch and dessert) 259 
consumption (F(2,98)=162.678, p<0.001), a significant main effect of preload snack 260 
(F(1,49)=8.228, p=0.006) and a significant main effect of time x preload snack 261 
interaction (F(2,98)=4.404, p=0.015). After meal (lunch and dessert) consumption, 262 
blood glucose was significantly lower at 60 min and 120 min when subjects 263 
consumed the carob preload snack (133.4±4.3 mg/dl and 128.0±3.9 mg/dl, 264 
respectively) compared to chocolate cookie preload (145.2±4.3 mg/dl and 142.4±3.6 265 
mg/dl, respectively; F(1,49)=6.219, p=0.016 for 60min and F(1,49)=7.745, p=0.008 for 266 
120min, respectively; Figure 3). Overall, mean blood glucose was lower after meal 267 
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consumption when subjects consumed the carob preload snack by 8.4±2.9 mg/dl 268 
(p=0.006). The iAUC for glucose for the period of meal (lunch and dessert) 269 
consumption was significantly lower when subjects consumed the carob preload 270 
snack (4011±338 mg*min/dl) compared to chocolate cookie (5220±374 mg*min/dl; 271 
F(1,49)=7.863, p=0.007; Figure 3).  272 
 No significant differences were observed in the VAS ratings before the 273 
consumption of the preload (baseline) between the two different test days (p>0.05). 274 
Figure 3 presents the subjective VAS scores. There a significant hunger x time 275 
interaction (F(5,45)=198.904, p<0.001), a significant hunger x preload snack interaction 276 
(F(1,49)=5.445, p=0.024) and a significant hunger x time x preload snack interaction 277 
(F(5,45)=4.571, p=0.002). There was a significant main effect of preload snack 278 
(F(1,49)=5.445, p=0.024) and a significant main effect of hunger x time x preload snack 279 
(F(4,188)=3.523, p=0.009). Hunger was significantly lower at 45min (F(1,49)=15.739, 280 
p<0.001), and tended to be lower at 135min (p=0.06) and 180min (p=0.07), when 281 
subjects consumed the carob preload snack (Figure 4). Overall, mean perceived 282 
hunger was significant lower when subjects consumed the carob preload (3.8±0.2 283 
mm) compared to chocolate cookie (4.3±0.3 mm; p=0.02). The iAUC for perceived 284 
hunger was significantly lower after the carob preload (100±46 mm*min) compared 285 
to chocolate cookie (214±37; F(1,49)=4.094, p=0.048) and tended to be lower even 286 
after the meal (lunch and dessert) consumption when subjects consumed the carob 287 
preload snack (p=0.06). There was a significant food desire x time interaction 288 
(F(5,45)=219.276, p<0.001), a significant food desire x preload snack interaction 289 
(F(1,49)=6.621, p=0.013) and a significant food desire x time x preload snack 290 
interaction (F(5,45)=2.637, p=0.036). Food desire was significantly lower at 45min 291 
(F(1,49)=17.041, p<0.001) and 135min (F(1,49)=4.137, p=0.047) compared to chocolate 292 
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cookie (Figure 4). Overall mean food desire was lower when subjects consumed the 293 
carob preload by (3.88±0.21 mm) compared to chocolate cookie (4.56±0.27 mm; 294 
p=0.013). There was a significant preoccupation with thoughts of food x time 295 
(F(5,45)=118.689, p<0.001) and a significant preoccupation with thoughts of food x 296 
snack interaction (F(1,49)=4.085, p=0.049). There was a significant main effect of time 297 
on preoccupation with food (F(4,196)=146.485, p<0.001) and main effect of snack on 298 
preoccupation with food (F(1,49)=4.085, p=0.049). Preoccupation with food was 299 
significantly lower at 45min (F(1,49)=6.686, p=0.013) and tended to be lower at 300 
135min (p=0.051) when subjects consumed the carob preload (Figure 4). Overall 301 
mean preoccupation with food was lower when subjects consumed the carob preload 302 
(3.75±0.20 mm) compared to chocolate cookie (4.27±0.28 mm; p=0.049). The iAUC 303 
for preoccupation with food was significantly lower after the carob preload 304 
(194.58±68.02 mm*min) compared to chocolate cookie (211.41±40.26 mm*min) 305 
(F(1,49)=6.434, p=0.014). There was a significant perceived fullness x time interaction 306 
(F(5,45)=158.336, p<0.001) and a main effect of time on perceived fullness 307 
(F(4,198)=186.589, p<0.001), without preload snack interaction or main effects. 308 
Subjects consuming the carob preload has higher perceived fullness at 45min 309 
compared to chocolate cookie (F(1,49)=4.316, p=0.04; Figure 4). The iAUC for 310 
perceived fullness was significantly higher after meal consumption when subjects 311 
consumed the carob preload (150.97±58.09 mm*min) compared to chocolate cookie 312 
(145.66±43.90; F(1,49)=9.062, p=0.004). There was a significant motivation to eat x 313 
time interaction (F(5,45)=211.744, p<0.001) and a significant motivation to eat x 314 
preload snack interaction (F(1,49)=4.365, p=0.042). Motivation to eat tended to be 315 
lower at 90min when subjects consumed the carob preload compared to chocolate 316 
cookie (p=0.076; Figure 4). Overall mean motivation to eat was lower when subjects 317 
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consumed the carob preload (4.18±0.21 mm) compared to chocolate cookie 318 
(4.53±0.23; p=0.042). There was a significant thirst x time x preload snack interaction 319 
(F(5,45)=2.636, p=0.036) and a main effect of thirst x time x preload snack interaction 320 
(F(4,201)=2.739, p=0.029). Perceived thirst was significantly lower at 90min when 321 
subjects consumed the carob preload compared to chocolate cookie (F(1,49)=8.212, 322 
p=0.006; Figure 4). Prospective food consumption tended to be lower when subjects 323 
consumed the carob preload snack compared to chocolate cookie, although it did not 324 
reach statistical significance (p=0.051). There was a significant pleasure from foods x 325 
preload snack interaction (F(1,43)=74.877, p<0.001). Overall mean perceived pleasure 326 
from foods was significantly lower when subjects consumed the carob preload snack 327 
(5.47±0.24 mm) compared to chocolate cookie (8.13±0.18 mm; p<0.001).  328 
Discussion 329 
The main findings of these studies were that 1: the carob snack was a low GI 330 
food (≤55 on the glucose scale) and 2. results support the hypothesis that a preload 331 
including the carob snack, in comparison to a similar energy and macronutrient 332 
chocolate cookie snack, created for the needs of this study, would be associated with a 333 
stronger satiety effect and subsequently reduce meal time energy intake (energy 334 
coming from lunch and dessert) and total amount (grams) of meal consumed. 335 
Furthermore, the reduced energy intake from the meal after the consumption of the 336 
carob snack was partly supported by the results of subjective measures of hunger, 337 
preoccupation with thoughts of food, desire to eat and perceived fullness as assessed 338 
with the use of VAS. Moreover, after the carob snack preload, rice consumption at the 339 
following meal was significantly lower and chicken consumption tended to be lower 340 
leading to significant reduction in the glycemic response. This translated in 341 
significantly lower intake of carbohydrates and dietary protein at meal (lunch and 342 
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dessert) when subjects consumed the carob preload snack compared to the chocolate 343 
cookie preload snack.   344 
 The carob snack’s GI value obtained is in agreement with others [4]. The GI 345 
value difference observed based on the reference food has been thoroughly discussed 346 
[10]. The carob snack decreased significantly the glycemic response to a following 347 
meal (lunch and dessert) compared to chocolate cookie snack, which may be due to its 348 
low GI value and higher dietary fiber content. Furthermore, the low GI of our carob 349 
snack may be due to its hazelnut content, which made up almost a quarter of the 350 
product. One study that compared the effects of three different types of hazelnut 351 
enriched breads compared to a control bread without hazelnuts, on gastrointestinal 352 
tolerance, postprandial glucose values and satiety in healthy, normal-weight, adults 353 
showed that consumption of hazelnut-enriched bread reduced the postprandial 354 
glycemic response, without significantly affecting satiety or short-term energy intake 355 
[13]. It has been shown that a low GI may be sufficient to achieve a lower glycemic 356 
response from one meal to the next [14-17]. Following the carob preload snack, rice 357 
consumption was significantly lower (by 34±10 g) and chicken consumption tended 358 
to be lower (by 12±7 g) at lunch. Whether a carob snack leads to lower desire for 359 
overall food intake, particularly starchy foods, such as rice, and subsequently lower 360 
consumption at the following meal needs further investigation. 361 
 One study showed that when carob flour is used in traditional Yemenite bread 362 
(malawach), it leads to improved glycemic control in people with diabetes[18]. 363 
However, other short-term trials have produced contradictory findings with one 364 
showing that consumption of polyphenol-rich insoluble fiber preparation from carob 365 
pulp did not affect postprandial plasma glucose or serum insulin responses in healthy 366 
adults and this was dose dependent [19] and another showing that carob fiber-367 
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enriched foods (white bread, spice cake, soup, and milk drink) increased glucose 368 
response in healthy adults [20]. 369 
Since the macronutrient composition and the energy density of the two 370 
different preloads were similar, the increased satiety feeling following the 371 
consumption of the carob snack preload as well as the reduced energy and total grams 372 
of meal consumed may be due to its low GI value and higher fiber content. Others, 373 
have also shown that slow absorption and digestion of starch from a meal improved 374 
glucose tolerance at the second meal (lunch) [21]. Moreover, it has been shown that a 375 
low GI may reduce subsequent energy intake and that the postprandial glycemic 376 
response has an important effect on short-term appetite sensations [22].  377 
Our results may be partly explained by another study’s findings showing that 378 
consumption of polyphenol-rich insoluble fiber preparation from carob pulp 379 
decreased postprandial acylated ghrelin, an orexigenic hormone, leading to increased 380 
satiety [19]. In contrast, another short-term study showed that consumption of carob 381 
fiber-enriched foods (white bread, spice cake, soup, and milk drink) increased total 382 
and acylated plasma ghrelin in healthy adults, leading to decreased satiety [20]. There 383 
are no studies available examining the effects of carob flour on biological markers of 384 
satiety and energy homeostasis and thus, we are unable to draw conclusions from the 385 
few available and contradicting studies regarding short- and long-term effects of 386 
carob flour consumption on satiety and energy intake regulation.  387 
In our study, a preload including a carob snack led to an approximately 270 kJ 388 
reduction in energy intake at the following meal. Furthermore, self-reported 24hr 389 
energy intake was not greater following the carob snack compared with the chocolate 390 
cookie snack indicating that volunteers did not compensate for the lower energy 391 
consumed during the carob snack intervention; indicating that products made with 392 
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carob may be offer some advantages to weight control. Whether the induction of more 393 
carob flour-including snacks during the day would reduce the daily energy intake and 394 
exclude or reduce consumption of energy dense foods needs to be investigated.    395 
The strengths of our studies include the randomized, crossover design. 396 
Moreover, we tested the GI of a novel snack made with carob and compared it to a 397 
chocolate cookie snack. Among the limitations of the study one could mention that 398 
one serving of a preload snack may not suffice to obtain clinically meaningful 399 
glycemic response data. Also, we did not measure biochemical indices of satiety and 400 
appetite, such as ghrelin and leptin. Moreover, our second study offered only acute 401 
observations and we do not know which may be the long-term effects of carob snack 402 
consumption on blood glucose, subjective appetite and energy intake. Although we 403 
tried to control for several factors known to affect blood glucose levels (i.e. stress, 404 
exercise, illness) and the crossover design of the study also contributed to that; 405 
remaining confounding factors cannot be ruled out. Despite these limitations, this 406 
study adds to a growing body of evidence supporting that carob flour may be a dietary 407 
alternative to body weight and glycemic control due to its natural sweetness and low 408 
GI properties.   409 
In conclusion, our results showed that the carob snack was a low GI food 410 
which increased satiety, led to lower energy intake at the following meal and to lower 411 
glycemic response; indicating that it may be a dietary alternative for both weight and 412 
glycemic control. 413 
 414 
 415 
 416 
 417 
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Figure Legends: 520 
Figure 1: Schematic showing the outline of the two studies, including the timings 521 
of capillary blood samples and visual analogue scale ratings (VAS) 522 
 523 
Figure 2: Glycemic response (A) and incremental area under the curve (iAUC) 524 
(B) for glucose after consumption of test snacks (carob snack and chocolate 525 
cookie) and reference foods (white bread and glucose), (n=10). 526 
Data are means ± SEM. Data were compared by post hoc analysis of repeated 527 
measures ANOVA. To convert mg/dl to mmol/l, values need to be divided by the 528 
number 18.  529 
Figure 3. Glycemic response and incremental area under the curve (iAUC) after 530 
consuming ad libitum meal (lunch and dessert) following a preload snack which 531 
includes carob and chocolate cookie (n=50)  532 
Data are means ± SEM. * p <0.05 carob preload snack vs. chocolate cookie preload 533 
snack by post hoc analysis of repeated measures ANOVA. Subjects had significantly 534 
lower glucose concentrations at 60min (p = 0.02) and 120min (p = 0.008) after meal 535 
(lunch and dessert) consumption when they consumed the carob preload snack 536 
compared to the chocolate cookie snack. To convert mg/dl to mmol/l, values need to 537 
be divided by the number 18.  538 
Figure 4. Subjective appetite ratings from visual analogue scales (VAS), (n=50) 539 
Data are means ± SEM. *p < 0.05, **p < 0.005 carob preload snack vs. chocolate 540 
cookie preload snack by post hoc analysis of repeated measures ANOVA. 541 
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Table 1. Anthropometric characteristics of participants at baseline (n=50) 
Age (years) 25 ± 6 
Sex (n – male / female) 22 / 28 
Height (cm) 172 ± 8 
Body weight (kg) 69 ± 13 
Waist circumference (cm) 79 ± 11 
Hip circumference (cm) 100 ± 14 
Body mass index (kg/m2) 23 ± 3 
Total Body Fat (%) 22 ± 8 
Fat mass (kg) 15 ± 6 
Fat-free mass (kg) 52 ± 13 
Basal Metabolic Rate (BMR, kcal) 1603 ± 334 
               All values are means ± SD.  
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Table 2. Average nutrition facts of the carob snack and chocolate cookie as 
retrieved by laboratory analysis 
Per 100 g serving Carob snack Chocolate cookie snack  
Energy content (kcal) 405.5 (1697 kJ) 403.8 (1690 kJ) 
Carbohydrates (total) (g) 53.00 53.50 
Available carbohydrate (g) 38.50 58.14 
Sugars (g) 24.00 36.40 
Starch (g) 10.08 10.80 
Dietary fiber (g) 14.50 4.90 
Soluble fiber (g) 14.00 1.09 
Protein (g) 4.50 4.25 
Fat (g) 19.50 19.30 
Saturated fat (g) 2.50 12.70 
Polyunsaturated fat (g) 2.40 1.68 
Monounsaturated fat (g) 13.60 4.45  
Trans fatty acids (g)  <0.10 0.60 
Salt (g) 0.06 0.82 
Energy density (kcal/g) 4.14 4.04 
Main ingredients for 
producing 100 g 
35 g of carob powder 
(roasted carob flour), 
 32 g of carob syrup,  
23 g ground hazelnuts, 
10 g of soft vegetable fat 
(homogenizing agent). 
18 g butter 
13 g white all-purpose flour 
13 g coconut milk 
12 g cocoa  
44 g honey 
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The energy and macronutrient content of the preloads were analyzed at the laboratory 
of food quality control and hygiene, Department of Food Science and Human 
Nutrition, Agricultural University of Athens. The nutritional value of 100g of carob 
flour is the following: 222 kcal (929 kJ), 89 g total carbohydrates, 49 g sugars, 40 g 
dietary fiber, 5 g proteins, 1 g fat, 0 g saturated fat, 0 g trans fat, 0 mg cholesterol, 35 
mg sodium, 35% calcium, 16% iron.  
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Table 3. Determination of the incremental area under the curve (iAUC) and 
glycemic index (GI) of the preload snacks 
Food iAUC 
(mg*120min*dl-1) 
GI (glucose as 
reference food) 
GI (white bread as 
reference food) 
Glucose  1766 ± 370 _ _ 
White bread 1622 ± 299   
Carob snack  699 ± 173 39.58 ± 4.77 43.09 ± 5.78 
Chocolate cookie 
snack 
1373 ± 199 77.75 ± 5.38 84.65 ± 6.66 
Data are means ± SEM. Each value represents the mean of ten replicates. To convert 
mg/dl to mmol/l, values need to be divided by the number 18.  
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Table 4. Post preload consumption 
 Carob snack 
day 
Chocolate 
cookie day 
P-value 
Energy intake form meal (including 
lunch and the dessert) (kcal/kJ)a 
950 ± 36 kcal/ 
3975 ± 151 kJ 
1014 ± 41/ 
4243 ± 172 kJ 
0.035 
Lunch consumption (g)b 453 ± 16 499 ± 19 0.001 
Dessert consumption after lunch (g) 104 ± 8 111 ± 8 0.525 
Protein (g) at lunchc 43 ± 2 47 ± 2 0.037 
Carbohydrates (g) at lunchd 133 ± 5 143 ± 6 0.048 
Fat (g) at lunch 27 ± 1 28 ± 1 0.544 
Chicken (g) 183 ± 7 196 ± 8 0.079 
Rice (g)e 270 ± 10 304 ± 13 0.001 
Energy intake 24h after study days 
(kcal) 
2029± 143 1995 ± 118 0.797 
Data are Means ± SEM. Means were compared by repeated measures ANOVA.  
a, b, c, d, e
 Significant main effect of preload snack. 
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Figure 1 
 
 Composition analysis of carob and chocolate cookie snacks 
10 healthy individuals responded to the study advertisements  
Randomized (n=10) 
• Visit 1   OGTT (25g glucose) 
• Visit 2   OGTT (25g glucose) 
• Visit 3   OGTT (25g glucose) 
• Visit 4  25g equivalent carbohydrate of white bread 
• Visit 5    25g equivalent carbohydrate of white bread 
• Visit 6    25g equivalent carbohydrate of carob snack 
• Visit 7    25g equivalent carbohydrate of chocolate  
cookie 
Capillary glucose measured at 0, 15, 30, 45, 60, 90 and 120min 
each visit  
GI determination 
50 healthy individuals responded to the study advertisements  
Randomized (n=50) 
Allocated to carob snack (n=50)  Allocated to chocolate cookie (n=50)  
Crossover 
10-14hrs fasting  
  Baseline             2hrs               4hrs                5hrs               6hrs               7hrs  
9:00 
Capillary  
glucose,  
VAS 
 
Standard
Breakfast 
11:00 
Capillary  
glucose,  
VAS  
 
Preload/  
Snack 
   13:00 
Capillary  
glucose,  
VAS 
14:00 
Capillary 
glucose,  
VAS 
 
ad libitum 
meal 
(lunch and 
dessert) 
 
   15:00 
Capillary  
glucose,  
VAS 
   16:00 
Capillary  
glucose,  
VAS 
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Figure 2.  
A 
 
B 
 
 
 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Figure 3. 
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Figure 4. 
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Highlights 
• A carob based snack was found to be a low glycemic index (GI) food.  
• The carob snack led to increased satiety and lower energy intake at ad-libitum 
meal. 
• The carob preload snack decreased significantly post-meal glycemic response.  
• Snacks formulated with carob flour may offer advantages to body weight and 
glycemic control.  
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